The aim of this study was to investigate the effects of training and the Alka competition upon the activity/ concentrations of antioxidative and muscle enzymes and metabolic parameters, as well as their correlations, in the serum of Thoroughbred (TH) and Croatian Warmblood (CWH) horses. The experiment was carried out on nine THs and seven CWHs. Blood samples were collected 30, 21 and 14 days before the Alka competition, immediately after the competition, and 7 days after. Serum concentrations of malondialdehyde (MDA), the activity of glutathione peroxidase (GSH-Px), total superoxide dismutase (SOD), paraoxonase 1 (PON 1), creatine kinase (CK), aspartate aminotransferase (AST) and lactate dehydrogenase (LDH) were determined, as well as glucose, triglyceride, nonesterified fatty acids (NEFA), total cholesterol and high density lipoprotein cholesterol (HDL-C) concentrations. Serum MDA concentrations in both breeds were significantly higher 30 days before the Alka than immediately after the race. Serum activity of SOD in TH was significantly higher 21 days before the Alka compared to the values after 7 days of rest. Serum NEFA concentration in TH was also significantly higher 30 days before the Alka and immediately after the race, compared to concentrations 7 days after the race. Triglyceride concentrations in TH were significantly higher after 7 days of rest compared to 30 and 14 days before the race. The PON1/HDL-C ratio was significantly higher in CWH than in TH serum 21 days before the Alka. MDA values were significantly lower in CWH than in TH 14 days before the Alka. Significantly higher AST and CK serum activity was determined in CWH than in TH 30 days before Alka. Triglyceride concentrations 21 days before the competition were significantly higher in CWH compared to values in TH. The results indicate the oxidative stability of horse serum during training and competition, breed differences during training and competition, and a shift in fat metabolism due to the elevated energy needs.
Introduction
Physical activity and exercise increase oxygen uptake, which leads to enhanced reactive oxygen species (ROS) generation, and possibly oxidative stress (LI, 2008) . The main source of unpaired electrons is the mitochondrial electron-transport chain (DI MEO and VENDITTI, 2001) , with myocytes being especially abundant in the mitochondria (GUYTON and HALL, 2016) . Exercise-induced stress leads to myocyte damage caused by oxidative damage to cell membranes and cytoplasm organelles. The intensity of oxidation and cell damage can be evaluated by measuring the concentrations of oxidized lipids, amino acids and nucleic acids, changes in antioxidative enzymatic activity or the concentrations of non-enzymatic antioxidative compounds. Measurement of the intensity of lipid peroxidation is the most common method for determining the degree of oxidative damage (AYALA et al., 2014) .
Trained animals and humans are thought to be exposed to oxidative stress during training programs (POWERS and JACKSON, 2008) and competition (PEPE et al., 2009) and are therefore in need of adequate antioxidative protection in order to eliminate the increased amounts of oxidants (SOFFLER, 2007) .
Studies in humans and animals have demonstrated that strenuous and prolonged low-to medium-intensity exercise induces oxidative stress (MARLIN et al., 2002; HARGREAVES et al., 2002; SOFFLER, 2007; POWERS and JACKSON, 2008; STEINBACHER and ECKL, 2015) . The extent of muscle tissue damage varies in different studies, which, even in studies with similar experimental design, could be ascribed to differences in animal management, individual differences, fitness or the analytical methods used.
Changes in oxidant-antioxidant balance may occur during or immediately after exercise, but also after the animals have rested. Antioxidant capacity is thought to be enhanced in well-trained animals (POWERS and JACKSON, 2008) . Both prolonged aerobic and anaerobic training increases the activity of antioxidant enzymes in horse blood (SOFFLER, 2007; LI, 2008) . The oxidant-antioxidant balance depends on age, sex and breed (KIRSCHVINK et al., 2008) . Increased peroxidation due to high ROS concentrations in muscle cell mitochondria leads to damage to the myocyte membranes (ART and LEKEUX, 2005) . Therefore, the enzymatic activity of creatine kinase (CK), aspartate aminotransferase (AST) and lactate dehydrogenase (LDH) is elevated (HARGREAVES et al., 2002; LI et al., 2012) .
Controlled training may be one of the ways to increase the antioxidant defence in the tissues of subjects undergoing physical exercise. CHIARADIA et al. (1998) found that lipid peroxidation following intensive exercise is insufficient to cause the significant lysis of horse skeletal muscle cells, as demonstrated by the absence of changes in the CK and LDH-4 activity in the blood. They found, however, that acute exercise generates free radicals with the subsequent lipid peroxidation, demonstrated by the increase in both malondialdehyde (MDA) and glutathione contents in the plasma.
Strenuous exercise mobilizes stored fat to be used as a fuel. During prolonged exercise energy needs are met through lipolysis and, to a lesser extent, gluconeogenesis (GUYTON and HALL, 2016) . Therefore, changes in blood lipid concentrations serve as an indicator of changes in energy metabolism (VERMEULEN at al., 2017) . Furthermore, strenuous exercise in racehorses elevates blood NEFA, triglyceride and cholesterol concentrations, in contrast to riding horses, due to the better adaptation of riding horses to lipid mobilization (LI et al., 2012) .
This experiment was conducted during preparations for the Alka competition, after the race, and after 7 days of rest. The Sinjska alka is a jousting competition where a rider has to race down a course 160 m long on a horse at full gallop, to hit the centre of a small iron circle called an alka, using a spear. This competition commemorates Croatia's Venetian victory over the Ottomans and has been included in the UNESCO Intangible Cultural Heritage Lists. The stress that horse undergoes is both physical and psychological due to the atmosphere of the racecourse and audience. The purpose of this study was to investigate how an intensive 30 day training period including physical and psychological preparation, influenced the activity/concentrations of antioxidative enzymes, MDA, muscle enzymes and metabolic parameters as well as their correlations, in the serum of Thoroughbred (TH) and Croatian Warmblood (CWH) horses.
materials and methods
Animals, husbandry and nutrition. The study protocol was approved by the Ethics Committee of the Faculty of Veterinary Medicine (251-61-01/139-11-10). During 2011, training started for 32 animals of six different breeds. They were selected to reduce the influence of different breeds and gender. This study was conducted on nine Thoroughbred horses (2 geldings, 7 stallions) aged 8.9 ± 2.2 (mean ± standard deviation) years and seven Croatian Warmblood horses (4 geldings, 3 stallions) aged 9.3 ± 2.9 years were monitored during and after their preparations for the Alka jousting competition. All the selected animals were of mild temper, and all the selected animals were geldings. They were kept under the same housing and feeding conditions from mid March to mid August. During the training and preparations they were fed three times a day according to the following schedule: 3 kg hay, 2 kg oats at 8 a.m., 2 kg hay at 1 p.m. and 3 kg hay, 2-3 kg oats at 9 p.m. Water and licking salt (Biosaxon, Solinen, Austria) were available ad libitum.
Training programme. The horses were trained in the period from May to June using a combined conditioning program consisting of 20% gallop, 50% canter and 30% walking for 120 minutes. In the first two weeks of July the horses underwent speed trainings lasting 60 minutes, which included 3 high speed gallop bouts on a racecourse 200 m long. In the last two weeks of July the horses were brought to the Alka course where they could adapt to the surroundings, including loud music, crowds of people and a walk through the town, together with 3 fast gallops on the 160 m long course. The horses were expected to carry approx. 130 kg (the rider and equipment) on a ceremonial walk through the town, and run at a gallop on the 160 m long course.
Blood sampling. Blood was sampled five times: 30 days before the race, that is at the start of speed training, 21 days before the race in the middle of speed training, two weeks before the race (at the end of speed training), immediately after the race, and finally after 7 days of rest.
Blood samples were collected from the jugular vein into a BD Vacutainer SST (Plymouth, UK), at a time between 8:00-8:30 p.m. during first three samplings and last venepuncture. Samples were centrifuged immediately at 1500 g for 15 min at 20 ºC and kept frozen at -80 °C until analysis.
Antioxidative enzyme assays. Glutathione peroxidase (GSH-Px) and superoxide dismutase (SOD) serum activities were assayed on an Olympus AU 400 (Olympus, Japan) biochemical analyzer, using the commercial Ransel and Ransod reagent kits (both Randox, Crumlin, UK), respectively.
Paraoxonase 1 activity in the serum was assayed by hydrolysis of paraoxon using a modified method described by CHARLTON-MENYS et al. (2006) also on an Olympus AU 400 (Olympus, Japan). Enzyme activity was presented in U/L (1 μmol p-nytrophenol formed/min/L serum). The ratio of the PON 1 activity and HDL-C concentration was calculated and expressed as U/mmol.
Oxidative stress parameter. Serum malondialdehyde (MDA) concentration was measured using high performance liquid chromatography (HPLC) with UV detection, as described by GROTTO et al. (2007) on a TSP-130 system (Thermo Separation Products, Inc, Thermo Fisher Scientific, Inc., Waltham, MA, SAD) with the reversedphase analytical column protected with a guard column (Waters symmetry ® C18 column, 5 µm, 150 × 4.6 mm i.d.) maintained at 40 °C. 1,1,3,3-tetraethoxypropane was used for calibration (Sigma-Aldrich Chemie GmbH, Taufkirchen, Germany). The mobile phase was a mix of 50 mM phosphate buffer and methanol (50:50, v/v), and the flow rate was maintained isocratically at 1 mL/min. The UV was programmed at 532 nm. The retention time was 2.9 min. Samples were prepared for analysis as described previously (GROTTO et al., 2007) .
Muscle enzyme activities. The activities of the serum enzymes, aspartate aminotransferase (AST), creatine kinase (CK) and lactate dehydrogenase (LDH), were also assayed. Muscle enzymes' activities were determined using a SABA (AMS, Rome, Italy) biochemical analyser according to the manufacturer's protocol. Reagents were supplied by Herbos dijagnostika d.o.o. (Sisak, Croatia).
Metabolic parameters concentrations. Serum metabolic parameters glucose, triglycerides, nonesterified fatty acids (NEFA), total cholesterol and high-density lipoprotein cholesterol (HDL-C) were measured. Analyses were performed using a SABA (AMS, Rome, Italy) biochemical analyzer according to the manufacturer's protocol.
Reagents were supplied by Herbos dijagnostika d.o.o. (Sisak, Croatia).
Statistical analysis. The results were statistically processed using Statistica 9 software (StatSoft, USA) and expressed as mean ± standard deviation (Mean ± SD). The normality of distribution was checked using Kolmogorov-Smirnov and Shapiro-Wilk's W test. Following variance repeated measures analyses, significant between-breed differences were detected by Tukey's test, where the distribution was normal. The Friedman ANOVA test and Wilcoxon post hoc analysis were employed if the null hypothesis was rejected (PETRIE and WATSON, 2006 ). Breed differences were tested using the Mann-Whitney U test. The correlation between the study parameters (Spearman Rank Order Correlations or Pearson correlation coefficient) was tested using the same statistical software. The level of statistical significance was set at P<0.05. Table 1 shows serum antioxidative enzymes activities and PON1/HDL-C ratios in both groups. Serum SOD activity in Thoroughbred horses (TH) was significantly higher 21 days before the Alka competition compared to the values after the rest (P<0.05). Glutathione peroxidase and PON 1 activities, as well as PON1/HDL-C ratio did not change significantly during the experiment. The PON1/HDL-C ratio was significantly higher in Croatian Warmblood horses (CWH) than in TH serum 21 days before the Alka (P<0.05). The highest MDA serum concentration was found 30 days before the Alka in both breeds. For TH, those values were significantly higher than those found during the Alka competition (P<0.05). For CWH, they were higher than all the other MDA values found during the experiment (P<0.05). MDA values were significantly lower in CWH than in TH 14 days before the Alka (Table 1; P<0.05). Serum muscle enzyme activities did not change significantly during the course of the experiment within the groups (Table 2) . CWH had significantly higher values of AST and CK 30 days before the Alka and CK 21 days before the Alka compared to TH (P<0.05). Serum LDH activities did not differ significantly between TH and CWH.
Results
Serum concentrations of metabolic parameters are shown in Table 3 . Triglyceride concentrations in TH were significantly higher 30 days before the Alka when compared to values 14 days before (P<0.05). Furthermore, triglyceride was significantly higher after 7 days of rest when compared to concentrations immediately after the race (P<0.05). The highest NEFA concentrations in TH were found 30 days before the competition. Those values, as well as those immediately after the race, were significantly higher than after 7 days' rest (P<0.05). Regarding breed differences, CWH had significantly higher triglyceride concentrations than TH 21 days before the race (P<0.05). No significant J. Aladrović et. al.: Oxidative stress and metabolic parameters in Alka horses differences in glucose, total cholesterol and HDL-C concentrations were found regarding the research periods or breed. In TH significant correlations were found between PON 1 and GSH-Px (P<0.05). In our study, a significant correlation was recorded between GSH-Px and PON 1/HDL-C ratio, AST and CK and LDH in TH (P<0.05; Table 4 ). Samples obtained from CWH showed a significant correlation between GSH-Px and SOD and MDA, as well as AST properties of HDL and contributes to oxidative stress adaptation in athletes (BRITES et al., 2006) . We found no significant differences between PON 1 activities during training and the race, which may be ascribed to appropriate training. The antioxidative role of PON 1 is further confirmed by the positive correlation with GSH-Px, as well as GSH-Px with the PON 1/HDL-C ratio found in TH (Table 4) . The malondialdehyde concentrations found in this study were lower during training and the race compared to values after rest in both breeds. Breed specific differences were found: CWH had lower MDA concentrations than TH 14 days before the Alka. Lower lipid peroxidation intensity was found after exercise in humans (PEPE et al., 2009 ) and horses (CHIARADIA et al., 1998) . SOARES et al. (2011) found elevated lipid peroxides after a race, but in horse erythrocytes, while ISHIDA et al. (1999) determined higher lipid peroxide levels in equine serum. In the present study, we found a negative correlation between GSH-Px and MDA (Table 4 ), so that the lower MDA concentrations could be ascribed to GSH-Px mediated peroxide removal.
The adaptation of muscle fibres is proportional to their load during exercise (RIVERO et al., 2007) . Exercise induced oxidative stress is accompanied by changes in myocyte specific enzyme activity. Enhanced peroxidation of sarcolemma can result in its increased permeability, enzyme leakage and subsequent elevated enzymatic activity in the blood (SOFFLER, 2007) . Enzymes, CK, LDH and AST serum activities are considered to be the main indicators of myocyte stability. BOFFI et al. (2002) found significantly higher blood CK activities in trained horses. Higher levels of CK and AST were found after endurance exercise (HARGREAVES et al., 2002) as well as after short, high intensity exercise (SICILIANO et al., 1995) . Likewise, CHIARADIA et al. (1998) found no change in CK and LDH activities during training, probably due to myocyte adaptation.
The activity of CK did not change significantly in this study. However, we found breedspecific differences 30 and 21 days before the race, attributable to specific adaptations in training. Elevated CK activity during training is probably a consequence of a temporary increase in sarcolemma permeability (KERKSICK and WILLOUGHBY, 2005) .
Serum LDH activity was constant in both breeds during the research, but twice as high as the reference values for horses (VALBERG, 2006) which is in accordance with results in athletes (BRITES et al., 2006) . Besides their use as myocyte damage indicators, it is important to observe the mutual relationships of AST, LDH and CK. We found positive correlations between these enzymes' activities in both breeds. In TH we found correlations between CK and AST, and CK and LDH activity (Table 4 ). In CWH we found correlations between CK and AST; CK and LDH, as well as AST and LDH activity ( Table  4) . MARLIN et al. (2002) , in contrast to these results, found no correlation between AST and CK activity in horses after long and intensive training, but it is important to repeat that enzyme activity depends on both the duration and design of the training. The utilisation of lipids in racehorse muscles is enhanced for the purposes of energy formation. That process increases fat mobilisation (LI et al., 2012; POOLE and ERICKSON, 2015) . Intensive training enhances NEFA, triglyceride and total cholesterol blood concentrations, as a consequence of various adapting processes (LI et al., 2012) . Muscle glycogen reserves are lower during exercise, whereas NEFA concentrations rise in line with muscle fatigue (BENÍTEZ et al., 2002) . Serum NEFA concentrations were significantly higher at the beginning of this study than the final values 7 days after the race. There were no significant changes to NEFA in CWH blood during the experiment, but we found significant correlations between NEFA and HDL-C (Table 4) , HDL-C being a significant transporter of NEFA towards the liver (BENÍTEZ et al., 2002) . ZIMMERMAN et al. (1992) found a significant serum NEFA increase in horses after training, which decreased after rest, as seen in this research.
There were significant changes in triglyceride concentrations during our study. During speed training triglyceride levels dropped, probably due to their utilisation for energy requirements. After the rest, their concentrations went back to the baseline values. A significant difference was found between breeds 21 days before the race, where CWH had higher triglyceride values.
Unlike MUÑOZ et al. (2002), we found no significant breed differences for glucose concentrations. It seems that the training duration and design used in this research could have provided enough time for both lipid metabolism and liver normoglycemic function to adapt to enhanced energy requirements (POOLE and ERICKSON, 2015) .
The results show that the increase in SOD activity in TH in the middle of speed training could imply oxidative stress, however the unchanged GSH-Px and PON 1 activities in both groups during speed training point to appropriate training regimes. Higher AST and CK levels in CWH at the beginning of this research, as well as CK activity during training, show breed-specific differences in the adaptive process. The higher serum NEFA concentrations in TH found in the beginning of the experiment, and the lower triglyceride concentrations during training show a significant shift in fat metabolism due to the elevated energy needs.
